ABSTRACT: Polycyclic aromatic hydrocarbons and polychlorinated biphenyls were investigated in sediment of bitumen deposit impacted area of Agbabu, Nigeria, to determine the present level of contamination with these toxic compounds prior to exploitation. Samples were collected during the dry season (March) and the wet season (August) of year 2008. Analysis was carried out with gas chromatography using mass spectrometry detector for polycyclic aromatic hydrocarbons and flame ionization detector for polychlorinated biphenyls. In the dry season sum of concentration of PAHs ranged from zero to 0.12 ± 0.06 ppm, while in the wet season the minimum was 0.18 ± 0.07 ppm and the maximum was 1.04 ± 0.16 ppm. Most of these values were higher than sum of polycyclic aromatic hydrocarbons concentrations of 1 -10 μg/kg indicating that they were likely to come from anthropogenic sources. Average concentrations of PAHs such as naphthalene and benzo (a) pyrene obtained in sediment in the wet season in some of the stations were higher than recommended limits. The linear regression analysis between sum of concentrations and percentage organic carbon showed no significant correlation in sediment in the dry season (r 2 = 0.0025) and in the wet season (r 2 = 0.1345). The predominance of 4-6 ringed polycyclic aromatic hydrocarbons and the ratios between pairs of individual polycyclic aromatic hydrocarbons showed that they are likely to have come from pyrolytic sources. No polychlorinated biphenyl congener was detected in the samples.
INTRODUCTION
Bitumen is a mixture of organic liquids that are highly viscous and entirely soluble in carbon disulphide (Rajput, 2000) and composed of primarily highly condensed polycyclic aromatic hydrocarbons. Bitumen was discovered in Nigeria over a hundred years ago, preceding the discovery of oil by over 50 years. The Nigerian bitumen belt lies on the onshore areas of Eastern Dahomey (Benin) basin. Nigeria has a proven reserve of 42.47 billion metric tonnes, the second largest in the world, covering about 120 × 4.3 km (Oboh et al., 2006) . This is spread along the bitumen belt stretching from Lagos, Ogun and to Ondo and Edo states. Five distinct hydrocarbon types of occurrence have been identified within the tar sands belt: outcrop, rich sands, lean sands, shale and deep seated heavy crude. Between 1904 and 1970, close to 40 wells, boreholes and exploration wells had been drilled within the area of surface occurrence. One of the wells, NBC-7 located at Agbabu village remains open to the surface and periodically flow heavy oil. The area surrounded by Foriku to the north, Agbabu to the north, Aiyabi to the east and the railhead to the west is very rich in bituminous deposits. The net thickness of the sections range between 4 m and 32 m with relatively thin overburden sections and consequently good 'stripping potential'.
Agbabu is a village of about 400 inhabitants at the south-western part of Nigeria in the coordinates of E004 0 48-49 1 and N06 0 34-36 1 (Fig. 1 ). This is where bitumen was first spotted in Nigeria in 1910 and the first bitumen well NBC-7 was drilled there. Temidire is a smaller village of about 200 people located very close to Agbabu. There is an old tarred road running from the north end, which is the only entrance into the village by land, through the village and ends up in a large tarred space at the south end.
This large area at the south end showed more signs of contamination because it was used for loading and off-loading of petroleum products about ten years ago. Farmers at Agbabu area deal mainly in cash crops such as cocoa and colanut and food crops such as yam and plantain and fishing along Oluwa River which flows through the whole land. These villagers depend on Oluwa River for their farming activities and other domestic uses while hand dug shallow wells serve as their only source of potable water. Temperature remains moderate throughout the year in the area with a minimum around 24 o C and the maximum around 33 o C. The two distinct seasons in the year are wet and dry. The wet season is at its peak from July to the middle or September while the dry season is from January to March.
Bitumen contains very small quantities of Polycyclic aromatic hydrocarbons (PAHs) having 4 -6 condensed rings. When bitumen is in its natural state, the PAHs are not bio-available, but when it is used in a mixture with other solvents that can dissolve it, the PAHs can be released into the environment (Bitumen Safety Data Sheet, 2008; Fouial -Djebbar et al., 2010) . The effects of PAHs on human health depend on the concentration, type and extent of exposure.
PAHs compounds contain complex chemicals which include carbon and hydrogen with a fused ring, structure containing at least two benzene rings. The carbon atoms are arranged in a series of adjoining sixmembered rings. Their biochemical persistence in the environment arises from dense clouds of electrons on both sides of the ring structures making them resistant to neucleophilic attack (Jonsen et al., 2005; Nnamchi et al., 2006) . PAHs have been documented to cause several health problems (Zhang et al., 2009) . Some PAHs and their derivations are highly toxic (Okafor and Opuene, 2007; Juang et al., 2009) . Their mutagenic or carcinogenic properties are the main risk to human health (Ciecierska and Obiedzinski, 2007; Prycek et al., 2007) .
Polychlorinated biphenyls (PCBs) are a class of organic compounds having a basic chemical structure, which include two benzene (biphenyl) rings and between 1 and 10 chlorine atoms substituted on each of the benzene molecule (ATSDR, 2001 ). There are 209 congeners of PCBs. There are no known natural sources of PCBs. They are synthetic organic chemicals called Aroclors used in a variety of materials to enhance insulation properties, improve physical and chemical resistance and act as plasticizers, coolants and lubricants. Some manufacturing processes which involve hydrocarbons, chlorine and heat such as Sampling locations
